Objectives. To study the frequency and specificity of antinuclear antibodies (ANA) and their association with internal organ involvement and survival in systemic sclerosis (SSc). Methods. Sera from 276 SSc patients were analysed by an indirect immunofluorescence (IIF) technique with HEp-2 cells as a substrate to categorize centromeric (ACA), nucleolar, speckled and homogeneous nuclear IIF patterns. Specific ANA were determined as follows: anti-DNA topoisomerase I (anti-topo I) by double immunodiffusion, anti-U1 RNP by passive haemagglutination, anti-RNA polymerase I, II and III (anti-RNAP) and anti-histone (AHA) antibodies by enzyme immunoassays. During the follow-up of 7.0"4.5 (mean"S.D.) yr the occurrence of clinical manifestations and internal organ involvement was registered.
associated with more extensive skin involvement, as in diffuse cutaneous SSc (dSSc) w8, 9x and with pulmonary fibrosis w10-12x. In patients with anti-topo I the cause of death is often related to pulmonary w13x, cardiac or renal involvement w9x. Anti-RNA polymerase antibodies (anti-RNAP) are also associated with dSSc w10, 12, 13x. Patients with anti-RNAP have more cardiac w13x and renal w10, 12, 13x involvement, but less pulmonary fibrosis w13x. The presence of anti-U1 RNP antibodies is associated with vasospastic manifestations and, sometimes, isolated PHT w13, 14x.
There is a need for prognostic markers in SSc, and analysis of ANA has been reported to be useful in predicting the long-term outcome. Kuwana et al. w13x reported the 10-yr survival rates to be 93% in patients with ACA, 72% in patients with anti-U1 RNP, 66% in patients with anti-topo I, but only 30% in those with anti-RNAP I antibodies.
Anti-histone antibodies (AHA) are commonly observed in drug-induced lupus erythematosus and in systemic lupus erythematosus w15x. In earlier studies by Sato et al. w16x and Hasegawa et al. w17x the frequency of AHA in SSc was 29% and 27%, respectively, and AHA were found to be associated with severe pulmonary fibrosis w16x. AHA are reported to be heterogeneous with regard to specificity for individual histone components and histone complexes w17x. IgM antibodies to histone H1 were related to mild clinical features, whereas IgG antibodies to inner core molecules of native histones such as histone H2B or complexes including H2B were associated with severe clinical features.
The purpose of this study was to determine the frequency and the specificity of ANA, and their association to internal organ involvement and survival in SSc patients.
Methods and patients

Patients
The study population comprised 276 consecutive patients, referred from hospitals throughout Sweden during the 16-yr period 1983-1998 . All patients but one were Caucasians and all fulfilled the ACR criteria for SSc w18x. The disease was classified as dSSc if truncal scleroderma was present, or lSSc if truncal scleroderma was absent w1x. The disease onset was defined as the beginning of skin involvement. The time of entry into the study (i.e. the beginning of the follow-up) was the time of the first SSc-related visit to the department. In the majority of cases, this was also the time of diagnosis. The occurrence of organ involvement was assessed both at the initial visit and on a regular basis during follow-up. All patients were re-evaluated after 1 yr. Thereafter only patients with immunosuppressive medication were investigated yearly, whereas patients with dSSc were examined every 2 yr and patients with lSSc were examined every 3 yr.
Clinical features
Skin involvement was determined by palpation by a modified Rodnan score w19x with rating on a 4-point scale (0-3), where 0=normal skin, 1=thickened skin, 2=thickened skin unable to pinch and 3=thickened immobile skin. The sum of scores from all sites gave a total skin score, with a theoretical span from 0 to 72. The patients were investigated by the measurement of finger blood pressure with finger cooling. Organic vascular changes were considered to be present if finger systolic pressure was less than 80% of simultaneous arm blood pressure in the contralateral arm at a finger temperature of 308C or more. Coldinduced vasospasm was considered to be present when the finger systolic pressure was less than 65% of the simultaneous arm blood pressure at a finger temperature of 108C w20x. This investigation was only undertaken at the initial evaluation.
Glomerular filtration rate (GFR) was determined by w 51 Crx-EDTA clearance and expressed as the age-adjusted percentage of mean values for healthy subjects w19x. Vital lung capacity (VC) was measured with a water-filled spirometer. Static elastic recoil pressure was recorded during flow interruptions covering most of the vital capacity. Static lung compliance (Cst) was measured over the pressure interval 5-15 cmH 2 O. Measurement of the transfer factor for carbon monoxide (DLCO) was made with the single breath method w19x.
Chest radiography with standard posteroanterior and lateral radiographs was undertaken w19x. The systolic pulmonary artery pressure (PAPsyst) was determined by Doppler echocardiography w19x. PHT was defined as PAPsyst >30 mmHg w20x. Cardiac function was assessed from radiological examination of the chest and a 12-lead ECG w19x. Scleroderma renal crisis (SRC) was defined as progressive renal insufficiency and accelerated hypertension and diagnosed by renal biopsy.
Serological tests
Serum samples from the initial visit were used to analyse antibodies, which was only done once in this study. ANA were studied by the indirect immunofluorescence (IIF) technique at a serum dilution of 1:160 using the human HEp-2 cell line as a substrate (ImmunoConcepts, Sacramento, USA) and an IgGspecific fluorescein isothiocyanate (FITC) conjugate (DAKO, Glostrup, Denmark) at a dilution of 1:40. Fluorescence patterns were termed as described by Humbel w21x and strengths of reactivity given as strong, intermediate or weak positive fluorescence. Anti-topo I were revealed by double immunodiffusion against a thymus-spleen extract (auto-ID, ImmunoConcepts) and reference sera w11x. If immunodiffusion results were doubtful, serum was run additionally on Western blot using HeLa cell nuclear extract as antigen and a positive band at 100 kDa used as confirmation. Anti-U1 RNP and anti-Sm antibodies were demonstrated by the passive haemagglutination technique w22x.
Anti-dsDNA antibodies were revealed by the enzyme-linked immunosorbent assay (ELISA) technique using the SynELISA kit from Pharmacia, Freiburg, Germany, according to the manufacturer's instructions. Positive sera (055 Uuml) were then studied on Crithidia luciliae slides (ImmunoConcepts) at dilution 1:10 using an IgG-specific FITC conjugate (DAKO). Only sera that gave positive results in both tests were called anti-dsDNA positive. AHA of the IgG class were sought using an anti-histone kit (QuantaLite, histone, INOVA, San Diego, USA) following the manufacturer's instructions. IgG antibodies to the RNA polymerases I, II and III were demonstrated by an ELISA technique, using all three proteins coated on the ELISA plates at a concentration of 2 mguml RNA polymerase I and II and 1 mguml RNA polymerase III, as described earlier w23x. Anti-SSA (Ro) and anti-SSB (La) were demonstrated by use of kits from Shields Diagnostics (Diastat anti-Ro and Diastat anti-La, Shields Diagnostics, Dundee, UK) following the manufacturer's instructions. Finally, anti-mitochondrial antibodies were demonstrated by the ELISA technique, as described earlier w24x.
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Statistical analyses
Differences between groups were calculated using the x 2 test if five or more cases were expected in each cell, or with Fisher's exact probability test if less than five cases were expected in any cell. Survival was calculated using the Kaplan-Meier method and differences in survival were analysed with a proportional hazards model using the Breslow test. Multivariate analysis was performed using the Cox proportional hazards regression model. The components entered into the multivariate model are age, gender and presence of certain antibodies.
Results
Of the 276 patients, 68 (25%) had dSSc and 208 (75%) had lSSc; 204 (74%) patients were females. During the follow-up 68 patients died (Table 1) . A total of 232 (84%) patients were ANA positive. The most common IIF patterns were speckled (41%), homogeneous (25%), nucleolar (24%) and centromeric (18%), whereas nuclear dots (1.1%) and mitotic spindle apparatus (0.7%) patterns were rare ( Table 2) . Analyses of specific antibodies in serum showed 1.4% anti-dsDNA, 9.4% anti-topo I, 15.9% AHA, 21.4% anti-U1 RNP, 8.3% anti-SSA, 2.2% anti-SSB, 1.1% anti-mitochondrial, 1.1% anti-Sm and 21.7% anti-RNAP antibodies ( Table 3) .
Anti-topo I positivity was not seen in ACA-positive patients, but was related to nucleolar and homogeneous IIF patterns. AHA positivity was related to a homogeneous pattern and anti-U1 RNP to a speckled pattern (Table 4) .
Of the 276 patients 26 had more than one of the four antibodies ACA, anti-topo I, anti-U1 RNP and anti-RNAP. The most common combination was anti-U1 RNP and anti-RNAP. Of the 44 ANA-negative patients, seven were positive for anti-RNAP, but none had any other antibodies.
There was a difference in organ involvement between patients with different ANA (Tables 2 and 3 ). The presence of ACA indicated a female preponderance, limited skin involvement (lSSc), organic vasculopathy, low frequency of pulmonary fibrosis, but high frequency of renal involvement ( Table 2 ). In contrast, patients with anti-topo I were more often men with dSSc and pulmonary fibrosis ( Table 3) . Patients with anti-U1 RNP were younger at disease onset (P < 0.001) and had more vasospasm, whereas patients with anti-RNAP had more overall pulmonary involvement ( Table 3) . Only patients with AHA demonstrated an increased risk of pulmonary, cardiac and renal involvement ( Table 3) .
There was a tendency, although not significant, that ACA was associated with isolated PHT and anti-topo I with PHT associated with pulmonary fibrosis (Tables 2  and 3 ).
Six patients (three lSSc, three dSSc) developed SRC. They were all ANA positive; two had a nucleolar, two had a speckled and two had both a nucleolar and a speckled pattern on the IIF. Two patients were anti-RNAP positive, whereas none was anti-topo I positive.
The overall 5-, 10-and 15-yr survival rates were 84, 70 and 63%, respectively. When corrected for age and sex, the relative risk of death was increased in patients with a nucleolar IIF pattern (P=0.035) and in AHA-positive patients (P=0.0035) ( Table 5 ). When different subsets were compared, patients with anti-U1 RNP had more favourable prognoses than patients with anti-topo I, but this difference was not significant when corrected for sex and age (Fig. 1 ). The survival rates were reduced in male SSc patients (P < 0.0001) and in the dSSc (P < 0.0001) subset compared with females and the lSSc subgroup (Fig. 2) . When corrected for sex and age, patients with VC <80% (P=0.0097), Cst <60% (P=0.0019), isolated PHT (P=0.0004), PHT associated with pulmonary fibrosis (P=0.035), cardiomegaly (P=0.027) or GFR <80% (P=0.0005) had a reduced survival ( Table 6) .
Mainly due to progressive pulmonary involvement, 78 patients were treated with cyclophosphamide. This treatment had been given especially to patients with a nucleolar (P=0.021) or a homogeneous IIF (P < 0.001) pattern or if the patient was anti-topo I (P=0.002) or AHA (P=0.002) positive or ACA (P=0.001) negative.
Discussion
In the present study the serological profile of Swedish SSc patients did not differ significantly from findings in Caucasian populations from other parts of the world w9-13x, but the results may not be applied to other races since great racial differences in antibodies from Black, Japanese and Caucasian populations are described w25, 26x. Better survival rates, lower frequency of pulmonary involvement and less progressive pulmonary fibrosis are also described among North American Caucasians compared with Japanese or North American Black populations w27x. The population in the present study is ANA, organ involvement and survival in SSc 537 ANA, organ involvement and survival in SSc 537 university selected, which further precludes a generalization to other populations. This study also confirms the earlier observation that ACA and anti-topo I seldom coexist w9, 28x. The negative association between the presence of the three antibodies, ACA, anti-topo I and anti-U1 RNP (Table 4) , and the differences in organ involvement (Tables 2 and 3 ) support the concept that each antibody present in SSc serum is associated with a certain combination of clinical features. It has been assumed that anti-RNAP w13x, ACA and anti-topo I antibodies relate to different subgroups of SSc. The lack of a negative correlation between anti-RNAP and the other ANA in this study, however, indicates overlap between clinical subgroups. We could not confirm the earlier observation w13x of a decreased survival of patients positive for anti-RNAP. In our study, the analysis of anti-RNAP I, II and III antibodies was undertaken jointly. Three main groups of anti-RNAP sera have been characterized: anti-RNAP IuIII sera, anti-RNAP IuIIuIII sera and a group precipitating both RNAP II and topo I w10x. Our survival and organ involvement data may be influenced by these three major subsets of anti-RNAP positivity, which could explain the absence of correlation. ACA-positive SSc patients were predominantly female, had less skin involvement and pulmonary fibrosis, but more vasculopathy and renal involvement, as measured by a decreased GFR. Trostle et al. w29x reported increased intimal thickening in small renal arteries in patients with lSSc. Clements et al. w30x reported reduced renal plasma flow in SSc, reflecting chronic renovascular disease, and all patients with a low 24-h endogenous creatinine clearance also had a reduced renal plasma flow. However, these changes did not precede SRC, which supports the hypothesis that SRC occurs acutely and de novo without detectable long-standing precursor factors. Findings concerning ACA-positive patients may, therefore, be related to the vasculopathy commonly seen in these patients w29x, and observed in this study. These manifestations are usually not complicated by severe, irreversible damage to the kidneys w30x, and, in keeping with this, none of the ACA-positive patients in this study developed SRC. An association was found between SRC and ANA attached to nucleoli. The nucleolar pattern correlated with the presence of antitopo I, but in this study none of the patients who developed SRC was anti-topo I positive. It should be noted that nucleolar staining is a typical feature of antitopo I antibodies, mostly seen in conjunction with a fine grainy nucleoplasmic staining w21x. study where only a minority (152u930) was ever examined with echocardiography, indicating a frequent occurrence of PHT in asymptomatic patients. There were considerable differences in pulmonary involvement between patients with different ANA. ACA-positive patients had significantly less pulmonary fibrosis and less PHT associated with pulmonary fibrosis, but more often isolated PHT. Reverse findings were noted in patients positive for anti-topo I (Tables 2 and 3) , who had signs of interstitial lung disease, evidenced by decreased VC values and, sometimes, fibrosing changes seen on radiography. The pulmonary function test cut-off values have been set to 80% of predicted value, a limit which affects the results but was chosen before the antibody analyses were done.
In earlier studies by Sato et al. w16x and Hasegawa et al. w17x the presence of AHA was associated with severe pulmonary fibrosis. In the present study, AHA-positive patients had a reduced survival, and AHA were the only antibodies associated with pulmonary, cardiac and renal involvement. The importance of AHA in SSc patients should be emphasized, even though their occurrence is not specific to SSc. Hasegawa et al. w17x reported AHA to be heterogeneous, and analysis of antibodies to individual histone components and histone complexes may provide more information.
A nucleolar IIF pattern was also associated with a poorer survival (Table 5 ). Patients with this pattern did not have more pulmonary, cardiac or renal involvement than patients with ANA with a homogeneous pattern (Table 2 ). However, they seemed to carry a slightly increased risk of developing SRC. It is unclear what antibody subtype causes the poorer survival. A nucleolar pattern was associated with the presence of anti-topo I, but these patients were few, which was why the CI for them was broader and did not reach a significant level.
The earlier observation of a decreased survival of patients positive for anti-topo I w13x could not be confirmed in the study (Table 5 ). Patients with anti-topo I were distinguished by pulmonary involvement (Table 3 ) and so received more immunosuppressive treatment. The differences in treatment may also influence the frequency of internal organ involvement. Most striking is the low frequency of SRC, possibly explained by the wide use of angiotensin-converting enzyme (ACE) inhibitors. As more effective treatment is introduced the differences in survival between patients with poor or fair prognosis will diminish. The unexpectedly good prognosis among the patients with anti-topo I might reflect the effectiveness of the treatment. Anti-topo I positivity found once may be unreliable, since these antibodies are known to vary over time in some patients w33x. SSc patients who are positive for anti-topo I, but later become negative, have a more favourable outcome w34x.
When performing numerous statistical tests, positive ones are expected by chance. Findings consistent with previous studies reinforce their importance, whereas unexpected findings like lack of reduced survival in patients positive for topo-I positive or RNAP, reduced survival and critical organ involvement in AHA-positive patients, and renal involvement in ACA-positive patients need to be confirmed in future studies.
It is possible that antibodies are a consequence of organ involvement and not a predictor. This is supported by case reports of SSc patients whose anti-topo I titre increased markedly at the time of diagnosis of lung cancer w35x.
In conclusion, this study shows that AHA and a nucleolar HEp-2 cell pattern are associated with critical organ involvement and may predict a reduced survival in SSc patients. In our clinic we now analyse AHA in SSc patients, which we have not done previously.
